In this study, the spectral perturbation method (SPM) is utilized to solve the momentum, heat and mass transfer equations describing the unsteady MHD mixed convection flow over an impulsively stretched vertical surface in the presence of chemical reaction effect. The governing partial differential equations are reduced into a set of coupled non similar equations and then solved numerically using the SPM. The SPM combines the standard perturbation method idea with the Chebyshev pseudo-spectral collocation method. In order to demonstrate the accuracy and efficiency of the proposed method, the spectral perturbation (SPM) numerical results are compared with numerical results generated using the spectral relaxation method (SRM) and a good agreement between the two methods is observed up to a minimum of eight decimal digits. Several simulation are conducted to ascertain the accuracy of the SPM and the SRM. The computational speed of the SPM is demonstrated by comparing the SPM computational time with the SRM computational time. A residual error analysis is also conducted for the SPM and the SRM in order to further assess the accuracy of the SPM. The study shows that the spectral perturbation method (SPM) is more efficient in terms of computational speed when compared with the SRM. The study also shows that the SPM can be used as an efficient and reliable tool for solving strongly nonlinear boundary value partial differential equation problems that are defined under the Williams and Rhyne [3] transformation. In addition, the study shows that accurate results can be obtained using the perturbation method and thus, the conclusions earlier drawn by researchers regarding the accuracy of perturbation methods is corrected.
Introduction
In the past few decades, the study of mixed convection flow with or without the heat and mass transfer under the effect of magnetic field and chemical reaction has attracted the interest of considerable number of researchers because of its numerous applications in several branches of science and engineering and in the transport processes. These sively stretched vertical surface with chemical reaction effect. The SPM, blends the standard perturbation approach with the Chebyshev pseudo-spectral method to generate numerical solution of higher order perturbation equations describing the flow which are not possible to solve analytically. With the SPM, solutions to partial differential equations can be obtained by applying discretization only in the space direction. Applying discretization only in the space direction and integrating using the Chebyshev spectral collocation method makes the SPM computationally efficient. The Chebyshev pseudo-spectral method is employed because of its high level accuracy. Also, using the spectral methods, only few grid points are required to yield accurate results. In addition, using the spectral method to integrate the perturbation equations, very accurate solutions that are valid for all time domain are obtained. Another aim of the study is to extend the analysis of El-Kabeir and Rashad [4] in this investigation by adding the chemical reaction effects. Results generated using the spectral perturbation method (SPM) were compared and validated using the spectral relaxation method (SRM) and the two methods were found to be in excellent agreement. The spectral relaxation method (SRM) is an innovative iterative method that has shown to be convenient in obtaining solution to nonlinear equations. The SRM is based on simple decoupling and rearrangement of the governing nonlinear equations in a Gauss-Seidel manner. The resulting sequence of linear differential equations are then discretized and solved using the Chebyshev pseudo-spectral method. The SRM has been used successfully by considerable number of investigators for the solution of fluid mechanics based ODEs and PDEs problems. (See for instance, Motsa et al. [25, 26, 27, 28] , Kameswaran et al. [29, 30] , Motsa and Makukula [31] , Motsa [32] , Shateyi [33] , Shateyi and Marewo [34] Shateyi and Makinde [35] , Shateyi and Prakash [36] , Makukula et al. [37] ). The results obtained shows that the proposed spectral perturbation method (SPM) can be used efficiently to solve partial differential equations by applying the discretization only in the space direction.
Mathematical Formulation
Following [4, 5, 22] , we investigate the unsteady, laminar heat and mass transfer by MHD mixed convection boundary layer flow of an electrically conducting fluid over a heated vertical linearly stretched sheet with a supporting external laminar flow in the presence of a chemical reaction. A uniform magnetic field is applied in the transverse direction y normal to the plate. It is assumed that the wall is impulsively stretched with a velocity u, which is proportional to the distance ax along the sheet surface. The sheet surface is maintained at a variable temperature T = T w = T ∞ + bx and a variable concentration C = C w = C ∞ + dx. The stream is kept at a constant temperature T ∞ and a constant concentration C ∞ far from the sheet surface. Initially (t < 0), the temperature T ∞ and concentration C ∞ of the ambient fluid saturated porous medium are quiescent. At t = 0, the fluid is impulsively started in motion with the velocity U and both the temperature and concentration at the sheet are suddenly increased from T ∞ to T w (T w > T ∞ ) and C ∞ toC w (C w > C ∞ ) and subsequently maintained at that temperature and concentration. Furthermore, the magnetic Reynolds number is assumed to be small so that the induced magnetic field is neglected. In addition, the hall effect and electric field are assumed negligible. The small magnetic Reynolds number assumption uncouples the Naiver-Stokes equation from Maxwell's equations [4, 5] . All physical properties are assumed constant except the density in the buoyancy force term. By invoking all of the boundary layer and Boussineq approximations, the simplified basic two-dimensional boundary layer equations governing the flow of an unsteady heat and mass transfer by MHD flow over an impulsively stretched vertical surface with chemical reaction effect are derived from [4, 5] and written below as follows; 
2)
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where a, b and d are constants. The stream function ψ is introduced and defined as [4, 5] :
Further, it is convenient to choose time scale ξ so that the region of the time integration can be finite. Such transformations have been introduced by Williams and Rhyne [3] in a related study. The transformations are expressed as;
with b a positive constant and t is the time variable. The Williams and Rhyne's [3] transformations (2.7) are used to convert from the infinite (original) time scale 0 ≤ τ < ∞ to the finite scale 0 ≤ ξ ≤ 1 so that the interval of integration is collapsed from an infinite domain to a finite domain.
The similarity variables given in [5] was used and written below as;
Equation (2.1) is identically satisfied and the governing equations (2.2) -(2.4) along with the boundary conditions (2.5) can be presented in the form:
(2.14)
In the above equations, prime denotes the derivative with respect to η and the parameters are defined as; [4, 5] as;
)
For the initial unsteady state flow, when ξ = 0, corresponding to τ = 0, equations (2.9 -2.11) becomes: 21) subject to the boundary conditions,
Equations (2.19 -2.21) alongside with the boundary conditions (2.22) admit closed form analytical solutions given in [23] as; 
where the complementary error function erfc, is defined as;
Method of solution
In this section the spectral perturbation method (SPM) is used to solve the partial differential equations (2.9 -2.11) subject to the boundary conditions (2.12 -2.14). Perturbation methods in general construct a solution for a problem by generating asymptotic expansions of the perturbation parameter [38] . In perturbation methods, higher order perturbation approximation are difficult to get which may result in less accurate results if only one or two series solutions are used. For instance, the perturbation approach utilized by Seshadri et al. [6] and Nazar et al. [7] yields only the first order approximate solutions. Below, the applicability of the proposed spectral perturbation method on equations (2.9 -2.11) is demonstrated.
Spectral Perturbation Method (SPM)
In the spectral perturbation method (SPM), we generate series equations using the standard perturbation approach and then solve the series equations integrated in the space direction η numerically using the Chebyshev spectral collocation method. With the spectral methods, we can solve higher order perturbation equations easily. Following [6, 7, 10] , a series expansion is constructed to approximate f (ξ , η), θ (ξ , η) and ϕ (ξ , η) solution by regarding ξ as a small parameter and looking for a perturbation approximation in the form
Substituting (3.27 -3.29) in equations (2.9 -2.11)and boundary conditions (2.12 -2.14) and balancing terms of equal power of ξ , we obtain,
The Chebyshev spectral collocation method is applied to integrate (3.33 -3.38) . The spectral method is based on the Chebyshev polynomials defined on the domain [−1, 1] by
Before implementing the spectral method, we first transform the physical domain on which the governing equation is defined to the region [−1, 1] where the spectral method can then be applied. This can be done with the aid of the domain truncation procedure, the problem is solved in the interval [0, L] in place of [0, ∞), where L is the scaling parameter taken to be large. This leads to the transformation
The Gauss-lobatto collocation points [39, 40, 41] are used to define the Chebyshev nodes [−1, 1] described as 41) where (N x + 1) is the total number of collocation points. The fundamental aim following the spectral collocation method is the introduction of a differential matrix D. The differential matrix D used to approximate the derivatives of the unknown variables f k (η), θ k (η), ϕ k (η) at the collocation points can be defined as; 44) where (N x + 1) is the number of collocation points, D = 2D/L, and
is the vector function at the collocation points. We obtain the higher order derivatives as powers of D, that is;
where p is the order of the derivatives. The matrix D is of size (N x + 1) × (N x + 1) and its entries are defined in [41, 42] as;
Substituting (3.42 -3.50) in (3.33 -3.37) gives
subject to the following boundary conditions
where
, and B 3,k−1 are defined as;
,SumF, SumΘ and SumΦ are defined as;
with I representing an (N x + 1) × (N x + 1) identity matrix and diag() is a diagonal matrix obtained from the vector
. The boundary conditions (3.56) are imposed on the first , N x th row (second from the last row) and (N x + 1)st row (last row) rows and first and last columns of (3.53) to obtain
. . .
while the boundary conditions (3.57) and (3.58) are imposed the first and last rows and columns of equations (3.54) and (3.55) respectively to obtain
Hence, starting from a known F 0 , Θ 0 , Φ 0 , the solutions F k , Θ k , Φ k , k ≥ 1 can be obtained from equations (3.65 -3.67) as;
Spectral Relaxation Technique (SRM)
In this section, the development of the spectral relaxation method (SRM) to obtain solution of the governing partial differential equations (2.9 -2.11) is being discussed. To start the SRM algorithm, it is convenient to reduce the order of equation (2.9) from three to two. To this end, we first set f ′ = u, so that equation (2.9) becomes
The SRM [25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37] uses the Gauss-Seidel concept to decouple the governing nonlinear systems of equations (2.9 -2.11). From the decoupled equations we develop an iteration scheme by evaluating linear terms in the current iteration level denoted by (r + 1) and nonlinear terms in the previous iteration level denoted by (r). Implementing the SRM on the resulting system of nonlinear partial differential equations yields the following linear partial differential equations;
where the coefficient parameters a 1,r , a 2,r , a 3,r , b 1,r , b 2,r , c 1,r and c 2,r are defined as;
) ,
The initial approximation for solving equations (3.72 -3.76) are obtained as the solutions at ξ = 0. Hence, f 0 (ξ , η), θ 0 (ξ , η), ϕ 0 (ξ , η) are given in equations (2.23 -2.25) and u 0 (ξ , η) is given as
Equations (3.72 -3.76) can be solved iteratively for the unknown functions starting from the initial approximations given in (2.22 -2.25) and (3.77). The iteration schemes (3.72), (3.74) and (3.75) are solved iteratively for u r+1 (ξ , η), θ r+1 (ξ , η) and ϕ r+1 (ξ , η) when r = 0, 1, 2, · · · The solution for u r+1 is utilized in (3.73) which is, in turn, solved for f r+1 . To solve equations (3.72 -3.75), the equations are discretized using the Chebyshev spectral collocation method in the η − direction and the implicit finite difference method in the ξ − direction. The underlying idea behind the Chebyshev spectral collocation method has been explained above. The finite difference scheme is used with centering about a mid-point between ξ n+1 and ξ n . We define the mid-point as ξ n+
implementing the centering about ξ n+ 1 2 to any function, say u(ξ , η) and its associated derivative we obtain,
The spectral method is first applied on equations (3.72 -3.75), before applying the finite differences to obtain
Next, the finite difference scheme is applied on (3.79 -3.82), in the ξ -direction with centering about the mid-point ξ n+ 1 2 to obtain the following systems of decoupled equations
subject to the following initial and boundary conditions
The matrices above are defined as follows
102)
103)
104)
105)
106)
where I is an (N x + 1) × (N x + 1), U, F, Θ, and Φ are the vectors of the functions u, f , θ , and ϕ when evaluated at the grid points and O is a vector of zeros of size (N x + 1) × 1. The boundary conditions (3.94 -3.96) are imposed on the first and last rows of (3.90 -3.93) as follows;
Hence, starting from the initial approximations 
Results and discussion
In this section, the spectral perturbation method (SPM) and spectral relaxation method (SRM) results for the set of the governing nonlinear partial differential equations (2.9 -2.14) are presented. Numerical computation were carried out using the proposed spectral perturbation method (SPM) and spectral relaxation method (SRM) discussed in the previous sections for the velocity, temperature and concentration profiles as well as the local skin friction, Nusselt and Sherwood number for different values of the significant physical parameters in this study. Results are displayed in tabular and graphical formats. We remark that all programs for generating solutions were coded in MATLAB 7.12 (R2011a) and the operating system was Windows 7 64-bit operating system running on a Intel (R) Processor Core(TM) i5-3337U CPU 1.80GHz with 4Gb installed memory (RAM). The SPM series was used to generate results from the initial analytical solution at ξ = 0 up to results close to the steady state values at ξ = 1. The accuracy of the computed SPM results was validated against numerical results obtained using the SRM. The results presented in this work were generated using L = 30, which was found to give accurate results through numerical experimentation. Increasing the value of L did not change the results to a significant extent. The number of collocation points used was N x = 100 for both SPM and SRM. The values of Prandtl number Pr used in this work is chosen to be (Pr = 0.7) which represents the Pr for air, water(Pr = 1 − 10). The values of Schmidt number is chosen to be Hydrogen (Sc = 0.20), Water (Sc = 0.60), Ammonia(Sc = 0.78), Carbon dioxide (Sc = 0.94) and Propyl Benzene (Sc = 2.62). The value of the buoyancy force parameter (which means the ratio of the buoyancy force due to the thermal diffusion) N takes the values between 0.5 or 1.0 for low concentration. All graphs and tables therefore corresponds to these values except otherwise indicated. The values of all other physical parameters governing the fluid flow are chosen based on values earlier used in literatures. Furthermore, in order to further test the accuracy of the SPM and the SRM, a residual error analysis is conducted. The SPM residual error of the governing partial differential equations (2.9 -2.11) is defined as;
While the SRM residual error of the governing partial differential equations (2.9 -2.11) is defined as; Table 4 displays a comparison between the spectral perturbation method (SPM) and the spectral relaxation method (SRM) approximate solution of the skin friction coefficient ( f ′′ (0, ξ )) at various values of Hartman number Ha. It can be observed from the table that the two sets of results are in excellent agreement. Also, from the table, it was noticed that the effect of the Hartman number was to reduce the skin friction coefficient when ξ = 0.5. The physical reasoning behind this result, is as a consequence of the presence of transverse magnetic field on the flow. The transverse magnetic field sets in a Lorenz drag force caused by electromagnetism. This Lorenz drag force in turn produces a retarding force on the velocity field and thus, as the Hartman number increase, the retarding force also increases Hence, the boundary layer thickness decreases consequently reducing the shear stress at the sheet. It can be seen from Table 4 that results which are consistent with nine decimal digits were achieved with only four iteration. The number of grid points N t used in the ξ − direction is 10000 . Table 4 gives a comparison of the spectral perturbation method (SPM) and the spectral relaxation method (SRM) solutions of the local Nusselt number for varying Prandtl number Pr and mixed convection parameter λ . A comparison of the two result indicates that the SPM results are in good agreement with the SRM results for nine to ten decimal places. It can be observed from the table that the heat transfer rate reduces with an increase in Pr. The heat transfer rate is decreased by increase in Pr due to the reducing manner of the thermal boundary layer thickness with increment in Pr. We remark that the number of iterations needed to give the SRM solutions in Table 4 is four. The number of grid points N t used in generating the results in Table 4 is 10000. Table 4 . The mass transfer coefficient decreased with an increase in N, λ , γ and Sc. The mass transfer rate is reduce by an increase in N, λ , γ and Sc due to the reducing manner of the solutal boundary layer thickness with increment in these parameters. Table  4 shows that the SPM results are in good agreement with the (SRM) solutions. This shows that the SPM is a viable method for solving the model equations. In the SRM results in Table 4 , a uniform grid with N t = 10000 was used in the ξ − direction to generate the results that are consistent to at least nine decimal places. It can be observed from the table that only four iterations was required to obtain the SRM solution. This is so because for larger number of grid points N t , only few iterations are required to give converged results. Tables 1-4 give the approximate numerical values of the skin friction f ′′ (0, ξ ), the heat transfer rate θ ′ (0, ξ ), and the mass transfer rate ϕ ′ (0, ξ ) respectively for various values of ξ and grid points (N t ) computed using the SRM. The results presented in these tables were computed using the same number of collocation points N x and L. Increasing the grid points improves the accuracy of the results until the results match exactly to within eight decimal places. As observed from Table 4 , for small value of ξ , full convergence to at least eight decimal digits was reached with grid points N t = 1000 . As ξ approaches 1, more grid points N t are required to give the converged results presented in Table 4 . In Table 5 , when ξ is small, the number of grid points N t required to give converged results that are consistent to at least eight decimal digits was 2000. The number of grid points N t was progressively increased as ξ tends closer to 1. Similarly, in Table 6 , convergence to within eight decimal places was reached when the N t was at least 2000. We remark that for all the values of grid points N t used in Tables 4-6 , only four iterations were used to obtain the results.
Results given in Tables 7-9 give further validation of the accuracy of the SPM. The tables present a comparison of the SPM and the SRM approximate solutions for the skin friction ( f ′′ (0, ξ )), heat transfer rate (θ ′ (0, ξ )), and mass transfer rate (ϕ ′ (0, ξ )) at different values of the dimensionless time ξ and at different order of approximation. The solutions were obtained for Pr = 1.5, Sc = 0.6, γ = 1, λ = 0.5, N = 1 and Ha = 1. It can be observed from the tables that as the dimensionless time ξ increases, the order of the SPM approximation required to give converged results increases. This shows that when ξ is very small, only few terms of the SPM approximation are needed to give converged results and higher order of approximation are required when ξ is closer to 1. Furthermore, the column on the run time in (sec) for both SPM and SRM is displayed in Tables 7-9 . It can be seen from the table that the desired solution for the SPM was obtained after only a few seconds. This shows the efficiency of the proposed SPM in terms of the amount of time it takes to give desired results. Comparing the SPM and the SRM computational times clearly shows that the SPM is faster than the SRM in the computation of the solution for the governing equation. This computation speed of the SPM may be explained by the fact that discretization was done only in η − direction unlike the SRM, where discretization was done both in η− and ξ directions. Hence, the numerical results presented in the tables, show that the two methods were in good agreement on comparison. In addition, the table further gives the number of grid points N t and iterations (It) required to give converged SRM results that match with the SPM results to within eight decimal places. It can be observed from the Tables that for the time X closer to 1, both the values of grid points N t and iterations required to obtain the results presented in Tables 7-9 increase. The velocity profile f ′ (ξ , η) for different values of ξ is shown in Fig. 1 . It can be seen that increasing the values of ξ tends to reduce the velocity distribution in the boundary layer. The influence of ξ on the temperature profile θ (ξ , η) is displayed in Figure 2 . The influence of ξ is to reduce the temperature distribution. It can be observed from Figure 3 that the effect of increasing ξ on the concentration distribution ϕ (ξ , η) in the solutal boundary is to reduce the solutal boundary layer. Similar observations in Figure 1 were made in earlier studies by Aurangzaib et al. [44] , while related effect in Figure 2 were observed in similar studies by Ishak et al. [43] and in Figure 3 by Pal and Mondal [2] and Aurangzaib et al. [44] .
Figures 4 -6 illustrates the effect of the Hartman number (Ha) on the fluid velocity f ′ (ξ , η), temperature θ (ξ , η), and concentration ϕ (ξ , η), respectively. It was observed from Figure 4 that as Ha increases, there is a reduction in the fluid velocity. This is due to an increase in the strength of the magnetic field normal to the flow direction in an electrically conducting fluid which result in a drag Lorenz force acting in the opposite direction to that of the flow. Hence, applying moderate magnetic field stabilizes the flow. Figure 5 shows the influence of Ha on the temperature distribution. It is clear that the thermal boundary layer increases with an increase in Ha. Therefore, an increase in the values of Ha, causes an increase in temperature. Figure 6 presents the effect of Ha on the concentration distribution. An increase in Ha leads to an increase in the concentration profiles. This is because application of magnetic field heats up the fluid and thereby decreasing the heat and mass transfers from the wall. This causes an increase in the fluid temperature and concentration profiles. The effect of the Hartman number on the fluid velocity f ′ (ξ , η), temperature θ (ξ , η), and concentration ϕ (ξ , η) profiles respectively correlate with results obtained by El-Kabeir and Rashad [4] and Chamkha and El-Kabeir [5] . The influence of mixed convection parameter λ on the velocity f ′ (ξ , η), temperature θ (ξ , η) and concentration ϕ (ξ , η) profiles are given in Figures 10 -12 respectively. When the mixed convection parameter value was increased, there was an increase in the boundary layer of the velocity profile while the temperature and concentration profiles decreases. The faster moving fluid removes the heat and species, thereby causing stabilization and reduction in the growth of the thermal and diffusion boundary layers along the vertical walls. This behavior can be clearly seen in Figure 16 illustrate the influence of the Prandtl number Pr on the temperature θ (ξ , η) distribution. We note that an increase in Pr leads to a decrease in the temperature distribution which in turn yields a reduction in the thermal boundary layer thickness. These results are in agreement with studies by Pal and Mondal [2] , and Hayat et al. [23] . The impact of Schmidt number Sc on the concentration profile ϕ (ξ , η) is shown in Figure 17 . We note that the concentration profile ϕ (ξ , η) reduces with an increase in Sc. These findings are consistent with those of Hayat et al. [23] . Figures 18 -20 displays the variation of the SRM residual errors in f , θ and ϕ respectively against the number of iterations. The results are given for different values of the time ξ . From the graphs, it can be seen that for small value of time ξ , convergence to accurate result to within a specific level below 10 −10 can be achieved with few iterations of the SRM. In addition, it can be observed from the Figures that the residual error curves for f (ξ , η), θ (ξ , η), ϕ (ξ , η) level at a certain level below 10 −10 for all values of ξ considered. Figures 21 -23 shows the residual error in f , θ and ϕ respectively, against increasing orders of the SPM approximation at different values of time ξ . It can be observed that the residual errors decrease sharply with an increase in the order of approximation. Also, it can be seen that the residual error curves tend to plateau at more or less a fixed level for the different values of time ξ considered. The interpretation of these results is that the SPM will converge up to a specific saturation level which corresponds to the level at which the curves levels off. In the equation for f (ξ , η), the residual error curve levels off at a fixed level below 10 −8 for all values of ξ . In the equation for θ (ξ , η), it can be seen that the residual error curve levels off at a certain level below 10 −10 and below 10 −10 in the equation for ϕ (ξ , η). Furthermore, we note that as ξ approaches 1, the plateau is reached at higher orders of the SPM approximation. This observation is in line with the results presented in Tables 4 -4 where it was noted that when ξ is small, only few terms of the SPM approximation are required to obtain converged results that are accurate up to eight decimal digits and more terms are required as ξ tends closer to 1. In addition, this observation can be linked with the well known fact that the standard perturbation based methods give accurate results when the series expansion is with respect to a small parameter. It is interesting to note that with the SPM, accurate results can be obtained even when ξ approaches 1, albeit with a higher orders of the SPM approximation.
Conclusion
In this work, we have considered the application of the perturbation technique coupled with the Chebyshev pseudospectral collocation method to the solution of unsteady heat and mass transfer by MHD mixed convection flow over an impulsively stretched vertical surface with chemical reaction effect. Approximate numerical results were generated using the spectral perturbation method for the solution of the skin friction coefficient, heat transfer rate, mass transfer rate, velocity distribution, temperature distribution and concentration distribution at different flow parameter values. The accuracy of the SPM was demonstrated by comparing with results generated using the spectral relaxation (SRM) where a good agreement was achieved between the two set of results up to at least eight decimal places. The computational efficiency of the SPM was confirmed by comparing the computational times of generating the SPM solutions with the computational times of the SRM solutions. It was observed that the SPM is much faster than the SRM. Residual errors were obtained for the SPM and SRM. From the residual errors analysis we observed that in terms of convergence, the SPM converges faster than the SRM but the SRM gives more accurate results than the SPM in terms of accuracy. The study showed that the SPM can be used as an alternative numerical method to the usual perturbation methods to obtain numerical solutions of partial differential equations (PDEs). It was noted that the SPM solves a partial differential equation by applying discretization only in the space direction. This feature combined with integrating using the spectral method results in computation time saving. Unlike standard perturbation methods, the SPM gives higher order approximate solutions which are not possible or very complicated to find with the usual perturbation methods. For problems related to one investigated in this work, the SPM can be used efficiently. The numerical results presented in this study suggests that the proposed SPM has the potential to be utilized for solving complex nonlinear partial differential equations particularly defined using the [3] transformation. In conclusion, the SPM presented in this study adds to a growing body of literature on numerical methods for solving complex nonlinear fluid flow problems. Also, the present study contributes additional evidence that suggests the use of the SPM as a very good numerical approach for solving complex nonlinear PDEs defined using the [3] transformation.
